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Abstract  —  This paper presents a circularly polarised 
antenna for determining the speed of blood-flow, using Doppler 
effects at microwave frequencies. The structure consists of a 
double-feed patch antenna and a quadrature hybrid coupler in 
order to achieve circular polarisation and to isolate the reflected 
signal from the incident. The design was simulated and then 
fabricated. Both results were compared which showed a good 
agreement in terms of scattering parameters and radiation 
patterns.  
Index Terms — Blood-flow, circular polarisation, human 
tissue, microstrip patch antenna, quadrature hybrid coupler. 
I.  INTRODUCTION 
No one can deny the impact of wireless technologies on our 
lives and, particularly, their development into medical 
applications. For instance, wearable wireless sensors have 
become a promising field of interest, as they can be used to 
alert users of vital signs such as blood pressure, blood glucose 
levels and to monitor heart rates [1]. Alongside that, the speed 
of blood-flow is another indicator of health of the human 
body, as fluctuations in blood velocity are used as a sign 
indicating the existence of medical concerns. This is less well 
known partly because a blood-flow sensor is not readily 
available. Low blood velocity means that some organs of the 
body may not get the reasonable amount of needed blood; 
thereby suffering from de-oxygenation. For example, for 
stroke patients, the decrease in the speed of the blood flow 
may lead to the death of cells in the brain due to the fact that 
they are deprived of the required amount of oxygen. On the 
other hand, high blood velocity may cause some vessels to 
burst and hence bleeding. A major factor for causing 
fluctuations in the speed of the blood-flow is the change of the 
heart health and blood pressure as reported in [2].  
The existing technologies that were demonstrated or applied 
for measuring blood-flow include Micro-Electro-Mechanical-
Systems (MEMS) and laser Doppler [3]-[5], magnetic 
disturbance [6], ultrasound waves [7], and pulse oximetry [8]. 
The potential advantages of using the RF and antenna 
approach are the non-invasive nature, safety and low cost. 
References [9] and [10] reported two such antennas at 29.8 
GHz and 3 GHz respectively. The scope of this research 
project was to design a double-feed circularly polarised 
microstrip patch antenna at 2.4 GHz. The antenna should 
separate the transmitted microwave signal into the human 
body from the reflected signal, which is modulated due to the 
Doppler effect from the blood flow. Accordingly, the 
quadrature (90) hybrid coupler, also referred to as the branch 
line coupler, was used for duplexing, to achieve the quadrature 
phase difference between the fed signals and thereby realise 
the circular polarisation. Since the transmitted and received 
signals are orthogonally polarised, circular polarisation was 
considered an optimum choice. The frequency of 2.4 GHz was 
chosen as a trade-off between the antenna size and the 
penetration depth. Operating at a higher frequency, for 
instance 24 GHz, would result in a more compact antenna. 
However, according to [11], the penetration depth would be 
around only 1 mm, whereas at 2.4 GHz, the penetration depth 
is about 23 mm. This depth is acceptable for detecting the 
blood-flow in the vessels that are close to the skin surface.  
The Doppler effect plays a major role in determining the 
speed of blood-flow. The Doppler frequency shift depends on 
the blood velocity, the dielectric constant of the human 
tissues, the incident frequency, and the angle between the 
direction of blood flow and the antenna beam. According to 
[12], the range of speed of blood-flow in arteries is 4.9-19 
cm/s and that in veins is 1.5-7.1 cm/s. The human tissues have 
various dielectric properties. For example, according to [11] at 
2.4 GHz, the dielectric constant is 38 for dry skin, 43 for wet 
skin, 5.3 for fat, 53 for muscle and 58 for blood. Considering 
the penetration depth at 2.4 GHz, an effective dielectric 
constant of 40 is assumed here although more accurate 
estimation will be made by electromagnetic modelling. If the 
angle is assumed to be 45, the Doppler frequency shift is 
estimated to be 11-43 Hz from the arteries and 3.4-16.1 Hz 
from the veins.  
II. ANTENNA DESIGN 
Fig. 1 shows the circularly polarised antenna, which 
consists of a patch antenna that is doubly fed at its adjacent 
sides. The 90 phase shift was achieved using the quadrature 
hybrid coupler which consists of four ports, where the two 
output ports were connected to the patch. The remaining one 
port is for sending the microwave signal into the human body 
and the other for receiving the modulated one. The circuit was 
  
implemented on FR-4 substrate of a dielectric constant of 4.3 
and a thickness of 1.6 mm. The patch is 29 × 29 mm in size. 
Quarter wave transformers (15.07 mm × 0.55 mm in 
dimensions) were used between the patch and the coupler to 
achieve good impedance matching.  
 
 
Fig. 1. Circularly polarised microstrip patch antenna design. 
 
Fig. 2. Simulated versus measured     response. 
 
Fig. 3. Simulated versus measured     response. 
III. SIMULATION AND MEASUREMENT 
Fig. 2 and Fig. 3 compare the simulated results and the 
measurements. Good agreement has been achieved. The S11 
response showed high impedance matching and the S21 
response showed an acceptable input isolation of 15 dB at 2.4 
GHz. From Fig. 2 and Fig. 3, the insertion loss caused by the 
FR-4 substrate can be seen. The loss tangent of 0.025 was 
taken into consideration in the simulation. The simulated 
directivity of the design was 6.93 dBi at 2.4 GHz. However; 
the gain of the design was only 1.4 dB, which shows that the 
radiation efficiency is 28% only. Again, this was due to the 
fact that the FR-4 substrate material used was very lossy; 
thereby a lot of the power was dissipated.  
Fig. 4 and Fig. 5 show the measured radiation patterns of 
the fabricated design at different frequencies. Fig. 4 shows the 
radiation pattern when the linear polarization of the source 
antenna is parallel to the feed line of the coupler. Fig. 5 shows 
the radiation pattern when the polarization of the source 
antenna is vertical to the feed line of the coupler.  
 
Fig. 4. Measured radiation patterns when the source antenna is 
vertically polarised. 
 




A circularly polarised microstrip patch antenna was 
designed, using CST Microwave Studio software, to operate at 
2.4 GHz. The challenge was to separate the transmitting signal 
from the receiving one which was achieved through the use of 
the hybrid coupler. The microstrip patch antenna was doubly 
fed at its adjacent edges to realize circular polarisation and 
connect with the hybrid coupler. 
The S-parameters and radiation patterns were measured. 
Overall, the results showed the ability of the antenna to radiate 
at the desired resonant frequency, good impedance matching 
and input isolation. Moreover, the design was fabricated and 
measured using the network analyser and anechoic chamber, 
where the measured results were in good agreement with the 
simulated ones. 
The major work that will be implemented in the future is to 
design an antenna array. This will give a higher gain. More 
importantly, the array will give the advantage of steering the 
beam away from the normal without tilting the antenna. This 
is to maximize the Doppler shift as well as to increase the 
electromagnetic coupling between the antenna and the human 
tissue. 
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